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ABSTRACT

Calibrated spcct-.acquitcdreinotely asitnages allow determination of surface and
atmospheric propertics based ounabsorption and scattering expressedin the spectra. AVIRIS
measures spectra asimagces in thesolnrellededportion of the ¢lectio magnetic spectrum. To
usc these spectra for scientific yescarcharld cpplications, the calibration of the spectra must be
known at the time of mcasurementinflight. lovalidate the calibiation of AVIRIS in flight, an
in-flight calibration experiment was performed for anover-flight on the 9 May 1995 at Ivanpah
Playa, CA. in-situ mcasurcments of the atinosphe e and surface @t a calibration target were
measured. These measurements weircusedtoconstrain aradiative ttansfer code and predict the
total upwelling spectral radianceincidentat AVIRYS, This prediction was compared to the
radiance measured by AVIRISforthe calibrationtarget.  Anagreement of 96.5 % was
determined. The in-flight. signal-to ninse wasdetermined and shown to have more than doubled
over the previous year.

INTRODUCTION

Calibrated spectra acquircdicniolelyas images, allowed determination of surface and
atmospheric propertics, based onmoleculinatsorption and€Onstituent scattering characteristics.
AVIRIS measures images of 11 by up to 300 kmat 20 by 20 spatial resolution the consist of
spectra from 400 to 2500 nm a 10nmintervals.  The spectral, radiometric and spatial
characteristics of AVIRIS arc calibrutedinthe laboratory (Chrien, 1990,1996) prior to each
flight season.

in order to beused forscicntificres archandapplications, the calibration of AVIRIS
must be valid at the time spectia are incasured frop the ER- 2 ain borne platform. The operational
environment inside the Q-bay of the FR-2at "0 kinaltitude is different from that in the AVIRIS
laboratory.

in-flip,ht calibration cxpenment mwetindologics were developed for AVIRIS to confirm
the accuracy of AVIRIS calibravonintlight(Conelet al., 1988; Gieeneta, 1988, 1990, 1992,
1993, 1995). 1n these cxperimcutsthe strlaceandatmosphercat a homogencous ground
calibration site is determined withinsituracasmements.  ‘These measurements arc used to
constrain MOIYTRAN3 (Kncizys, 1987 Ber e 1989, Ander son, 1995) 1adiative transfer code and
predict the spectral radiance incident at AVIRIS, Companison and analysis of the predicted and
AVIRIS measured radiance. is used to calitiate and validate the performance of AVIRIS in
flight.

‘I"his paper describes the calibrationtirget, measviements,analysis and results from the
inflight calibration experiment atlvanpah Plvain 19°5,

MEASUREMENTS

On 9 May 1995, an in-flight cali wation experit nent was held at Jvanpah Playa,
California, Jocated 100 km south of Las Vo ras, Nevada at 35.5 50 degrees north latitude and




115.3990 degrees west longitude. Jvanpal:Flayaisadrylakebedapproximately3 km by 15 km
in size at 740 m elevation.

A calibration target was designated onaportion of the playasut face based on visualy
apparent homogencity. The tatget was 401y 200" (2 by 1O AVIRIS spatial resolution
clements). Thelong axis of the targetwasaientedinthe AVIRIS fliSht-line direction and
demarked by blue tarps at each cud of (he tar e

At the calibration targetanautorngied sunphotometerwas used to collect data from
sunrise through the time of the AVIRIS dais z cquisition. The sun photometer measures data at
370, 400, 440, 520, 620, 6’70, 780,870,010, 1 030 nmwavelength. These calibrated
mcasurcments were used to deriveinstantancousoptical depths tinough the day as shown in
Figure 1. Figure 2 shows the watci \ apor determined from 940 nm sun photometer
mcasurcments (Reagan ct a., 1987, Biucpgeet a.. 1 990). Somecitrus cloud affected the
measurements around 10 am local tijne.
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Figure 1. Derived optical depths of the non warer vapor measmaeinchts of the sun photometer.
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Figure 2. The water vapm abundance d iernmnined from the 940nm sun photometer
measurcments.

During the time of the AV11<1S duta.cquisition, the surface spectral reflectance was
measured using a field spectromcterthistcov 18 the AVIRIS spectral range. A total of 160
measurements were acquired. Vhesenicasurements were evenly spaced over the target and
averaged to determine the calibration tarpetsp.ctral reflectanceasshown in Figure 3.
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Figure 3. Calibration target spectral reflectan. o, The averape and standard deviation are shown.




At 19.19 hours UTC AVIRIS acqu ired data over the Jvanpah Plava calibration target.
Figurc 4 shows an image of Ivanpah Playatiom 64'/.7 nm wave.lclly,[ll. ‘The enhance image in
Figure 5 shows the two dark blue demarcation entheleftedge of the playa onc third of the way
up the image. The uncalibrated AVIRISspectzextractedfiom calibiation target arc shown in
Figure 6.

Figure 4. AVIRIS image of lvanpah Plava from 647.77 nin.




Figure 5. Enhanced Ivanpah Plava meee Showing the two calibration target tarps on the left
edee of the playa one third of the wiry upr the roage.
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Figure 6. AVIRIS signal from the coabraton farect The

a (ota) sivnal, dark signal and dark
subtracted signal are shown.



ANALYSIS

optical depths calculated atthetimeof the AVIRIS over pass were used to constrain the
aerosol model used in the M()] »1'R AN 3forthecalibrationexperiment. The measured and
modeled optical depths arc shownin)ague7. ‘These optical depthsin coniunction with the
surface spectral reflectance and atimosphiciic water vapor wercusedto constrain MODTRAN3
for the time of AVIRIS data acquisition. Anupdatedexo-atmospheric solar irradiance  spectrum
(Green, 1993; Gao,1995) was uscd inMOD TRAN3. The MOIYTRAN3 predicted upwelling

radiance for the calibration targetisshowninheurcs.
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Figurc 7. Measured and MOIYIRANInodel-siopticaldepthsofthe Jvanpah Playa  calibration

experiment.
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Figure 8. MODTRANS3 prediction of the upwelnmg spectral radiance incident at AVIRIS,
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AV11<1S signal spectra weie calhbiatediGireen et a, 1992) withthe laboratory determined
radiometric calibration cocfficicntsandsp.: tral calibration (Chrien 1990; Chrien 1996).
AVIRIS on-board calibrator cocfficients were derived as theratio of the in-flight on-board
calibrator signalto the signal at the tie of 1abratory calibtgtion (Green1993). These on-Board
galihralor cocfficients arc shownin Figuie 9 andwere applied to the AVIRIS calibration target

ata
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Figure 9. AVIRIS on-board calibratorcocfficients, ‘These coefficient compensate for small
changes in AVIRT S performance from theliboratoryto the in-flight condi tion.

RESULTS

The MODTRANS3 predicted spectium convolved to AVIRIS spectral response functions
and the AVIRIS laboratory calibiated spectomn are shown in Frgure 10, The average absolute
agreement across the spectral range was 96.5 % for this experiment. ‘The spectral regions of
ncar-zero radiance at 1400 and 19000 were excluded. This yesult is improved over the 1994
in-flight calibration cxperimentresaltof95.3 4 Thie disagrecment was attributed to the in-situ
measurements, the MODTRAN 3 model, the AVIRIS andto the calibration standards, Figure 11
shows the AVIRIS to MODTRAN3Z ystio forthe calibration target. In this ratio disagreement
occurs in the 400 nm region and necarthe atiasphetic absorptions of watt.J vapor, oxygen and
carbon dioxide. These discrepancics are wtbribnied touncertainticsinthe MOIYTRAN3 model in
AVIRIS spectra] calibration. Nevertheless, the agreement between the MODTRAN3 prediction
and the AVIRIS mcasurementis within 4% andthis experimentinitially validates the
performance of AVIRIS in flighti n1995,
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Figurc 10. Comparison of the MODTRAN3 piedicted and AVIRISmcasured upwelling  spectral
radiance for the calibration targct.
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Figurc 11, Calibration target ratio of AVIRISte MODTRAN3,

in-flight radiometric precision (sipnal-th noise 1atio) was determined with data from this
calibration cxperiment. Noise was c¢stin aated as the standarddeviation of the dark signal
measured at the end of each imageline  ‘Jhe A VIRIS signal specttuim was extracted from the
calibration target. The conversion factorof photons to signal was used o estimate  the additional




pholon-noise for the calibration target. ‘(he photon noise and dark-signal noise were root-sum-
squared. The extracted signal was scadediothe AVIRIS ieferencetadiance (Green etal., 1989%)
and divided by the noise to give the AVIRIS o flight signal-to- noisciatio for 1995, This signal-
to-noise is improved by more than afactoroltwo compared to thatof 1994 as shown in Figure
12. AVIRIS signa-to-noise is gicaterthan SzJovermuch of the spectral range. A calculation
of noise- ccluivalcnt-del (a-radiance wasalso petforned foradark tar getand is shown in Figure
13. The noise- equivalent-delta- radiancaepiesentsthe precisionuncentainty in radiance for each
AVIRIS spectium. '
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Figure 12. AVIRIS signal-to-noisc for the 1995 in-flight calibration experiment.
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Figure 13, AVIRIS noisc-cquivalent- delta radiance for 1995,



Additional analysis was performedtoinestigate the homopeneity of Ivanpah Playa at the
AVIRIS spatial resolution. Animagesvas poduced of the ratio of the average to the standard
deviation for all 10 by 10 spatial clementsinthe AVIRIS ingpe. “Thisimage was produced from
the sum of 20 AVIRIS channcls in the visible 1) suppress the influence of AVIRIS noise. The
resulting imageis shown in Ligure 14 For 10 by 1() arcaat AVIRIS20 by 20 m spatial
resolution the homogeneity ranges f1omnca7ero to 500: 1. Al the calitnation target values of
100:1 arc found, This analysis shows thatielatively few in-situmeasuiements arc required to
characterize the surface of IvanpahiPlays Howeves, thesur face is nothomogencous enough to
estimate the signal-lo-noise of AVIRIS whiches greater than 1(200:” Tin portions of the spectrum.

Figure 14. lvanpah Playa homogeneity tiap for the 9th of May 1995,
CONCLUSION

An in-flight calibration cxperimentwis held at Jvanpah Playaon the 9th of May 1995.
Concurrent in-situ and AVIRIS mcasuremcnts were acquiredfor a calibration target on the
homogenous playa surface. The MO TRAN adiative transfercode was constrained by the in-
situ measurements to predict the totaluprwelt ag spectial 1adiance incident a AVIRIS, This
prediction was compared with the AVIRIS mc.sured(calibratedbased on the laboratory and on-
board calibrator coefficients) spcectium j)~~11 th. calibrationtarget, acomparison showed 96,5 %
agreement with the remaining 3.5 % attnibuted (o the in-situ measurements, MODTRANS,
AVIRIS and the calibration standards.Thein! light precision of AVIRIS was assessed. Across
the. spectral range the AVIRIS precisionwasinore than double that of any previous year, This
experiment validates the calibration of AVIRINinfhehtin 1995 “I'helevel of calibration and




precision achicved supports usc of AV | RIS farscientificiescarchand applications based on the
absorption and scattering characteristios of theatmosphereandsur face expressed 1n the spectra.
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